General procedure. NMR spectra were recorded on Bruker DRX-500, AMX-500 or AMX-300 instruments. IR spectra were recorded on a Perkin-Elmer 1600 series FT-IR spectrometer. High-resolution mass spectra (HRMS) were recorded on a VG ZAB-ZSE mass spectrometer using MALDI (matrix-assisted laser-desorption ionization) or ESI (electrospray ionization).
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7α, 12α-Di-(O-β-D-maltosyl)-cholane (1):
A mixture of compound 2 (210 mg, 0.58 mmol), 1-thio-ethyl-hepta-o-benzoyl-β-D-maltose (2.1 g, 2.08 mmol) and 4 Ǻ molecule sieves (800 mg) in dry CH 2 Cl 2 (50 mL) was stirred at RT for 30 minutes. The reaction mixture was then cooled to -15 °C, to which was added crystallized N-iodosuccinimide (500 mg, 2.22 mmol) and silver trifluorosulfonate (100 mg, 0.39 mmol). The reaction mixture was slowly warmed up to RT with stirring. The reaction was monitored by TLC. Upon completion, the reaction was quenched with triethylamine. The mixture was filtered and the filtrate was concentrated under vacuum. The residue was submitted to column chromatography on silica gel to separate the crude mono-and di-glycosylation products. The mono-glycosylation products can be recovered for complete glycosylation. The combined di-glycosylation products were directly dissolved in methanol (30 mL), and to this solution was added sodium methoxide (300 mg) with stirring. The reaction was stirred at RT for overnight. The solvent was removed under vacuum and the residue was subject to column chromatography on silica gel to give compound 1 (305 mg, 52%) as a solid. [2] The CMC of compound 1 was determined by using fluorescence dye binding technique with 8-anilino-1-naphtalenesulfonic ammonium salt (ANS) as the probe molecule. The molecule ANS has a weak fluorescence in detergent concentrations below CMC, but becomes highly fluorescent when incorporated into the hydrophobic micellar environment. Solutions of ANS (10 μM) and 1 at various concentrations in water were prepared. The emission fluorescence intensities at 465nm were recorded (λ ex = 405 nm) on a DXT880 multiplate spectrofluorimeter (Beckman Coulter). The CMC is defined as the breakpoint in the fluorescence ( Figure S1 ). 
Measurement of Hydrodynamic Radius of Detergent Micelles.
The micelles formed by DDM and compound 1 (same concentration at 0.03%) were measured on DynaPro/Titan instrument (Wyatt Technology Corporation) equipped with a plate reader and a laser operating at 658 nm.
MsbA Preparation. MsbA was prepared from S. typhimurium as described previously. [3] The membranes were solubilized in 20 mM detergents (β-UDM and compound 1, respectively) buffered with 20 mM Tris, 20 mM NaCl (pH 8.0). The supernatant after centrifugation at 200,000g for 45 min was subject to Ni-affinity column for purification. The protein extraction and purity was evaluated by SDS-PAGE. MsbA was further purified by anion-exchange chromatography and desalting column for the stability evaluation which was followed by ATPase activity measurement. MsbA (12-20 mg/mL) was stored in a pH 7.5 solution buffered with 20 mM Tris and 20 mM NaCl in the presence of 0.03% β-UDM and 0.02% compound 1, respectively.
Preparation of Isolated Nucleotide Binding Domain. The NBD only construct (residues 330-582) was cloned into pET19b expression vector (Novagen), which contains a 23-residue fusion leader containing an N-terminal decahistidine tag to aid in purification, over-expressed in E. coli host BL21 (DE3) (Novagen) in 100 liter batch fermentors at 37°C using 2mM IPTG (Anatrace, Maumie, OH) as the inducer, and extracted by sonication at 4° C. Extracted NBD was purified with 10% glycerol by nickel-chelation followed by ion-exchange and gelfiltration chromatography to increase protein enrichment and purity. The protein was finally exchanged into 20mM Tris (pH 7.5), 100mM NaCl.
ATPase Activity. ATPase activity was measured using an ATP-regenerating system described by Vogel and Steinhart, [4] and modified by Urbatsch et al. [5] Briefly, 1-2 µg of detergent solubilized MsbA was added to 100 μL of Linked Enzyme (LE) buffer at 37 °C containing 10 mM ATP, 12 mM MgCl 2 , 6 mM phosphoenolpyruvate (PEP), 1 mM NADH, 10 units of lactate dehydrogenase (LDH), 10 units of pyruvate kinase (PK), and 50 mM Tris-HCl (pH 7.5). ATP hydrolysis was measured as the decrease in absorbance of NADH at 340nm using a DXT880 multiplate spectrofluorimeter (Beckman-Coulter). ATPase activity was calculated using the following equation: ΔOD*ε/([protein]*time), where ΔOD is the change in optical density and ε is the extinction coefficient.
Detergent Binding Measurement Using Glycosidic Colormetric Assay. The detergent binding was determined according to the lit. procedure. [6] Briefly, 50 uL detergent-containing samples were mixed with 200 uL of 5% phenol solution and 600 uL of concentrated sulfuric acid. The reaction produced orange-yellow color which had a maximal adsorption at 488 nm. A calibration curve of absorbance at 488nm as a function of detergent concentration was first established for β-UDM and compound 1, respectively ( Figure S2 ). The above purified MsbA fractions in β-UDM and compound 1 from sephadex gel column without involving concentration step were used to determine the total detergent concentration. The molar ratio of detergent binding was calculated using 
Preparation of bacteriorhodosin (BR)
. BR was isolated from purple membrane of Halobacterium halobium (strain S9) and purified in 1.2% β-octyl-glycoside (OG) as reported in literature. [7] The concentrated BR stock (13.5 mg/mL) in 1.2% OG (25 mM potassium phosphate, pH 5.6) was diluted to 0.02% compound 1 in the same buffer. After several dilution-concentration cycles, the final OG
